e

NASA TECHNICAL TRANSLATION

NASA TT F-14,166
EVALUATION OF ' TAKEOFF |AND LANDING PERFORMANCE O

F COMMERCIAL
STOL AIRPLANES

M. Calcara
(NASA-TT-F-141686)

EVALUATION OF TAKEOFF
AND LANDING PERFORMANCE OF COMMERCIAL STOL
AIRPLANES M. Calcara {Scientific

Translation Service) Mar.
~CSCL 01C

N72-19023
1972

33 p

G3/02 20817

Translation of 'Valutazione Delle Prestazioni
Di Decollo E Atterraggio Dei Velivoli Civili
Stol", L'Aerotecnica Missili e Spazio, April-
June 1971, ppl 113-125.

/@“\j‘
DB

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D. C. 20546

MARCH 1972
VReproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

us Department of Commerce
Springfield VA 22151



EVALUATION OF TAKEOFF| AND LANDING PERFORMANCE OF COMMERCIAL
' STOL ATRPLANES

*
M. Calcara

ABSTRACT. The basic requirements for commercial
STOL airplanes leading to the use of high by-pass ratio
turbofans and of very advanced high-lift systems are
briefly recalled.

With the method developed herein, a rapid evaluation
of takeoff‘and landing performance may be made, allowing
an easy comparison of different configurations.

The method takes into account: safety requirements
(speed maneuvering margin, critical engine failure at
takeoff, landing field length factor), passenger comfort
and pilot limitations due to "human factors" (maximum
rate of descent near the ground and reaction times).

A numerical example illustrates the use of simple

graphs, which are based only on the more important project
parameters.

1. Introduction 113%%

The success of commercial STOL airplanes depends on the solution of
numerous problems connected with the engineering development of airplanes
capable of high flying speeds (Mach 0.7 - 0.8), and also of safe operation on
runways approximately 600 meters long, with a noise level lower than that of
modern jet airliners. Furthermore, the direct operating costs have to be kept
within limits acceptable to the users, even with the short flights and the
consequent modest rates which are typical of STOL operations. Of particular

importance is the behavior of the airplane under conditions of turbulence:

*
Director, AERFER Aeronautical Projects. Professor at the University of Naples.
*%

Numbers in the margin indicate the pagination in the original foreign text.
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Unsatisfactory flight performance during storms would have a negative influence
on the economy of operation, both because the cruising speed would have to be
decreased, and because potential users would not be too interested in an air-
plane incapable of providing the same flying comfort as modern jets. As a
consequence, high wing loads (no lower than 350 kgm_z), and relatively moderate

lengths will be needed.

The operators require a high flying speed also because it allows a greater
flexibility of flight scheduling, making the airplane economical even for much

longer flights.

It is because of these considerations that builders have shifted their

emphasis from turboprop to turbofan engines.

Concerning the noise level, it is generally believed that a 95 PNdB level
at a distance of 150 meters from the plane is the maximum value, at least for
"city center'" operations. This involves using engines with low specific
thrust (defined as the ratio between thrust and total air displacement) on the
order of 20 kg/kg sec_l. Engines with low specific thrust show a faster de-
crease in thrust with speed and height; this, however, does not impair the
cruising characteristics of STOL airplanes in comparison with CTOL, because of
the STOL takeoff |thrust requirements, which are approximately double those
for CTOLs. As a consequence, currently engines with a by-pass ratio on the

order of 10 are being developed.

The need for STOL operations with high wing loads involves maximum load
coefficients higher than the ones which can be obtained with mechanical high-
1lift systems. This is especially true on landing, where passenger comfort

sets the limits for the maximum allowable deceleration on the ground.

Many solutions have been suggested to achieve high maximum load coeffi~-

cients. Those reported in Figure 1 are of particular interest, and represent



the designs most actively pursued at present by the leading aircraft industries

in Europe and the United States [1].

The use of lifting engines for STOL operations is a very promising
solution, because it is simple; however, it requires two different types of
engines. In this regard, the use of propulsion engines with orientable thrust
(the type installed in the H. S. Harrier airplane) represents a more compact

solution, even if not devoid of other shortcomings.

High-lift systems with internal air jets, including the "augmentor wing"
type (extensively tested by De Havilland-Canada), involve the use of engines
designed to satisfy the severe air requirements: On the average, the thrust

due to spilled air is 35% of the total thrust.

High-1lift systems with external air jet are compatible with high by-pass

ratio engines, and therefore more convenient because the specific thrusts which

can be obtained are as large as the amounts of air to be drawn in. Furthermore,

they. are devoid of the mechanical complications inherent in internal air jet
high-1ift systems. However, the advantages of a higher simplicity are consid-
erably reduced by the fact that the controllability of the airplane is

decreased in case the critical engine fails.

None of the solutions described has enough advantages with respect to the
others to warrant an immediate and unequivocal choice; furthermore, for each
of them, many problems still have to be solved and many technical difficulties

will have to be overcome.

It is, however, very interesting to compare the potential characteristics
of each of the solutions mentioned, using the actual data available. If we
limit ourselves to the takeoff and landing performance, we can see the advan-
tage of having a calculation method leading to a rapid evaluation based on

the following factors: safety requirements (speed maneuvering margin, failure
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of critical engine at takeoff, landing
field length factor), passenger comfort
(maximum acceleration allowable on the

ground), and "human factor" limitations

(maximum rate of descent near the

O
k--—t::::,--—} ground and reaction times).

Mechanical high-1lift
systems and 1lift jet

Many procedures for a rapid

evaluation of the takeoff and landing

characteristics of STOL airplanes are

ngh‘llft systems with externaﬁ available; however, they either provide

- air jet
only first approximations [Z]L or

X consider only normal conditions, omit-—

ting a study of the influence of

critical engine failure or of reaction
High-lift systems with internal air Jet't (3].
imes

of the jet flap type ,
(":::;f?ifffii;;;;;lzz;i:ng 2. Method of Calculation

The calculation procedure suggested

High—llft systems with internal air jet

of the augmentor wing type applies to all STOL airplanes using

jet engines, independently of the high-
1lift system used. It is based on the
Figure 1. Advanced high-1ift systems following hypotheses:

for STOL.
— attitude of the airplane with
respect to the flight path and config-
uration with flaps in takeoff position for acceleration on the ground up to
vAecisio;:speed and subsequent deceleration in the case of postponed takeoff.
Inclination of the jets of the lifting engines (if any) in order to obtain

maximum possible acceleration or deceleration, respectively.




— attitude of the airplane in relation to the takeoff angle and config-
uration with flaps in takeoff position for acceleration on the ground from
decision}speed to takeoff speed. Inclination of the jets of the lifting engines

(if any) so as to obtain maximum 1ift.

— decisionjspeed not higher than 95% of the takeoff speed to implicitly

allow for the time needed for the configuration change prior to takeoff.
— takeoff speed equal to speed maneuvering margin.

— two seconds|time lag between occurrence of a critical engine failure

and pilot noticing it.

— two seconds time for the pilot to "cut" the engine symmetrical | to
the one that failed and apply braking devices (wheel brakes, thrust inversion,

and lowering of spoilers).

— angle of approach not above 7.5°, with descent speed not higher than
4 meters/second (considered by the pilots as a limit which can be reached with
a reasonable safety margin).

— speed maneuvering margin same as impact speed.

— pilot reaction time to apply braking devices of two seconds after

impact.

— attitude of the airplane with respect to flight path and configuration

with lowered spoilers during the deceleration phase subsequent to landing.

— landing field length factor of 1/0.6, according to F.A.A. regulations
for CIOL planes.



— limiting value for acceleration and deceleration of 0.5 g to assure

acceptable passenger comfort level both during takeoff and landing.

— average engine thrust on takeoff assumed equal to 907 of the static

thrust, with a 0.7 inversion thrust yield. Other numerical values introduced /115

——

in the calculations are reported in the table in Figure 2. One should note

that, for the acceleration phase V. only, we did not consider the possible

1
effect of air jets on the high-1ift systems, because we believe it is negligible

for this phase.

U
Phase C C Front wheel | Front wheel
D L . X
not braking | braking
Acceleration at _
decision speed 0.08 0.70 0.025
Failed takeoff
deceleration 0.13 0 0.30 0.35
Landing:
deceleration 0,20 0 0.30 0.35

Figure 2. Values of C_, C, and p assumed for the calculation of
the takeoff and landing speed-up and slow-down operationms.

The speed maneuvering margin has to be chosen so as to guarantee an

adequate speed margin on stalling, and sufficient maneuvering capacity Afn:

(-’f“—>z= e =1+ e ;

v, @)

A speed maneuvering margin equal to 1.2 times the stalling speed with

engines operating is currently considered sufficient for STOL. This corresponds



to a maneuvering margin of 0.44 g; the value is reduced to 0.33 g in the case

of onme critical engine failure.

0.44 (all engines operating)
Af = 0.33 Sfailure of a critical engine)| (2)
Flighk tests conducted with the Boeing 707 prototype equipped with
control devices for the limiting level of the rear high-1lift systems [4] showed

that this criterion is valid as long as the speed margig\AV is not lower than:
AV = 5 m/sec (3)
S |

g CLmux‘
case of engine failure), the following condition has to be satisfied:

As a consequence, for values of . below 39 kg m_2 (65 kg m_2 in

WIS
0 Crmax

(4)

CLmax AV/4 2
= 1
CrL2 [ + ] .
in place of (1).

The aerodynamic and propulsive operations are considered separately for
all the phases on the ground, except for the increasednattitudelbefore takeoff
(acceleration fron{decisioﬂbpeed to takeoff speed). For the latter phase and
for the flight phases (speed maneuvering margin at takeoff and landing), we

refer to the aerodynamic coefficients (C, and CD) which include the propulsive

L
operations because, in this latter case, the mutual operation of wing and

propulsion engines are relevant.

As a consequence, the following two acceleration expressions are used:

T o V2 '
a=f [717_/‘_16 wis (Cr—# CL)]

N el

(5)

(6)



which refer to the cases shown in Figures 3 and 4.
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Figure 3.
slow-down operations.
points of contact.

1gSCL¢

~45Cod 20 [ooompomr s
N

Takeoff and landing speed-up and
Airplane on three

plW-qSCLe)
w

Figure 4.
slow-down operations.
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The ratio T/W appearing
in the first expression is in

general given by:

;’ + ;‘ (cos 6 + ,usipﬁ)] l

=0,9r-[

(7N

During any phase of the
run on the ground, one has,

according to the energy theorem:

w
= — d(V'2).
Fds 72 (»)

Introducing the instantaneous

F

acceleration (a = AW/g ) and

integrating between the speed

limits V' and V", we obtain
the following expression for
the distance As covered by the

airplane:

Ve I
A'=.”v- _ﬂ-d(VZ) i

or, if a is the average acceleration:

Ac=

2L

(8)



As shown in (5) and (6), if we neglect the variation of T with speed,
the acceleration can be assumed to vary linearly with V2. Therefore, a  can
be calculated using Expression (5) or (6) for the instantaneous value of the

acceleration, if one assumes that the speed V* satisfies:

yea— 0,5 p [1 + (—Z—)ZJ : 1 (9)

The takeoff distance Sd can be evaluated by determining the distance S

needed to reach the decision|speed, the distance S

dl
required to accelerate the

d2
airplane from thedecisiodspeed to takeoff speed, and the distance Sd3 needed
for the speed maneuvering margin.
Sa = Sa1 + Saz -+ Sa3 ! (10)
Speed V1 can be determined with the assumption that (balanced runway):

Saz -+ Saz = Sa4 1+ Sd5 ’ (11)

where Sd4 + SdS is the distance needed to stop the airplane in the case of
failure during takeoff. Assumption (11) is not satisfied if Vl > 0.95 Vd.

The diagram in Figure 5 can be used to determine the distance:

(12)
sa1=S5'a1 + 451 ’

where S'd1 is the distance needed to accelerate the airplane to the decision

speed with all engines operating normally, and S1 the correction due to criti-

cal engine failure, which, according to the hypothesis mentioned above, is

assumed to occur at the speed VO, reached two seconds before thedecisioﬂspeed“

V1 is reached.
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Figure 5. Takeoff distance: acceleration run at
takeoff speed.
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If a, is the average acceleration during the time interval At needed to go

from V0 to Vl with all engines operating, and Aa the acceleration caused by the

thrust of the critical engine only, (8) leads to the following expression for

correction Asl:

Vi—Vo Vi—Ve_ Jda Vi—Vi

da = — =

) (@o— 4a) 2 a0 2a0 av— da (13)
This expression is
4= Vi— Ve
¢ ao— Aa f (14)
and gives:
Aadt S

dsy = > 20 ("1 + Vo) l (15)

With t = 2" second, we can assume V1 = VO’ and (15) gives the approxi-
mate expression:

da

=2 f (16)
The distance S'dl is given by (8) as:
.o 1280
S a1 2a (17)

whereby, according to (5) and (9):

2

‘ T Wi
ao=g[‘W"“/“"’1—66_W/”§(CD’“/‘CL)} (18)
2 \
T V1
@ =g |55 — 1 — 557 (Co—uCa)], (19

|
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The first result is based on the same hypothesis (Vl = VO), which makes (16)

valid. If we assume:

144

V) = ————
2z —%;-— ) (20)

(17) can also be written as follows, according to (19):

1

s = ] s
— Cp— uC
Fvy 16 ws (Cr T HCD (21)

The diagram in Figure 5 is based on Expressions (20) and (21), and leads

to rapid determination of the distance S'dl.

The quantity ASl, on the other hand, can be obtained from:

Vi dss Vi 1
44a 2a 1 og
— Cp— uC
Foy S wjs (e (22)

which can be easily obtained from (16), (18), and (20). Comparing Expressions

(21) and (22), we can assume that Vi As;/4 daf can be determined using the same

diagram used to determine S' as long as we refer to a wing load which is
dl

one-half of the actual one. As shown in the same diagram in Figure 5, the

influence of the wing load is very small. We may, therefore, set

_ V1 ASL (23)
Sar= 4 da

According to the last expression, correction AS1 can be read — on the

as the ordinate of the line OP corresponding to the abscissa

1 —
S a1 scale
4 Aa, read in the Vl scale.
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For reading convenience, we set up appropriate scales for ASl and propor-
. )
tional to those for S a1 and Vl'

In the diagram the curve corresponding to a 0.5 g acceleration is also

shown, which can be expressed, according to (8), as:

(24)

Points P lying in the space between axis V., and the curve of Equation (24)

1
represent takeoff conditions with accelerations higher than 0.5 g, and therefore

are not acceptable for passenger comfort.

In Figure 6 we show the diagram for determining the distance § a2 + 8 43"

In particular, distance S(12 needed to accelerate the airplane from Vl to Vd

is given by (8) as:

Vi— Vi |
Sz = ——2—‘;—' l (25)
or
y2_ 16 Wis ! (26)
0Cra
where the average acceleration a, is given by (6) and (9):
a Vlzl__[_Vlz
2}"“"[1+,( V«)J Es L (V;)]") (27
As a consequence, distance Sd2 is obtained from
Vi
Sa2 = — 1 ( )
—— 28
[Edqo( vt "] &

13
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where

,( 2 ) _ 1—=("/Vap \ (29)
Va T+ 0h/vae

Comparing (26) and (28), we obtain:
C Ld_ 1 !

sy ]|

16
|

according to which, distance S.,, varies with takeoff speed in the same way as

d2
the parameter WIS . Accordingly, one can use the same diagrams to evaluate
g l

both V, and S ..

d d2
Finally, |/distance Sd3 is determined from:
CLp
so=—H-,; (30)

where H is the speed maneuvering margin (equal to 10.67 m according to F.A.A.

regulations).

The diagram in Figure 6 was obtained from Expressions (26), (28), (29),

and (30). TFor specific values of Ed’ CLd and "75..——'the takeoff speed Vd
c
and the distance S + S can be determined from it for various wvalues of

d2 ds5
the ratio Vl/vd'

Finally, the distance Sd4 + Sd" needed to stop after takeoff failure can

be obtained as follows:

Saa = V1 4t +

ao—da . |
7 A (31)

or, for t = 2  seconds, with a good approximation

- 15
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Sda =2 Vl } (32)

(33)

according to (5) and (9), if TR is the symmetrical braking operation obtained

by thrust inversion of the operating engines, one obtains:

2

TR ’ g V1
a=—g [ tuty W/sc”] (34)
if
2
28(5+#) (35)
(33) can also be written as:
. ] ‘
Sas = 7 T
G TIewiEe | (36)

The diagram in Figure 7 was obtained from Expressions (35) and (36),
which are related to a determination of the braking distance; the total stop-
ping distance Fd5 + Sd4 can also be obtained from the diagram. A friction
coefficient of 0.3 was assumed. This value is suitable for concrete runways,
and airplanes equipped with brakes on the main landing gear. The diagram can

be used also for y values different from the one given:

/4=0,3+A/1\

as long as an "equivalent'" value of the braking thrust is used
ng ng

()= 2 v

16
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In particular, when the front wheel is also involved in the braking
action Ay = 0.05. The diagram also includes the 0.5 g deceleration limit
considered to be the maximum acceptable for passenger comfort.

The diagram in Figure 8 provides a determination of the landing field

length according to F.A.A. regulations (landing field length factor: 1/0.6):

Sa = Sa1 + Saz | . (37)

.Sal is the distance corresponding to the speed maneuvering margin:

HE.
Sa1 = 0,6 (38)
where
E.=1/tg 7 | (39)
with Ya given by
sin|Ys = Vh/Va
(40)
for the limits:
Vn < 4 msect; va < 7,5° (1)
The stopping distance Sa2 is determined from
1 Vi (42)
%2 = 06 (2ve+ 7e)

where the first term in parentheses represents the distance covered during

the time delay needed to apply the braking devices (assumed to be two seconds),

20



and the second term is the braking distance expressed as a function of the

]/ WS
Va =4 g CLa

landing speed

(43)
and the average deceleration, given according to (5), (9), and (43), by:
Tr CD]
a_—g[ w THY e \ (44)

The nomogram in Figure 8 was obtained using Expressions (37) through
(44), and assuming the Reference value pu = 0.3. It can be used for a rapid /122

L

determination of the landing field length as a function of CLa’ ﬁl{,[7%/ﬁﬂ,‘l{
0, *

The takeoff and landing performance can be obtained from the diagrams in
Figures 5, 6, 7, and 8, as follows, once parameters Aa, T/W, TR/W, Ctz and
CD2 are known.

The decrease in acceleration Aa due to critical engine failure — needed
to determine S,. — can be obtained from the diagram in Figure 9, which is a

dl
graphical representation of the functions:

(da)p=09g (1 —K") 7 7;; ! (45)

(da)y =09¢g(i--K'9) 1 JP_;’/_ (cos 0 + /lsinlﬁ) l (46)

concerning the failure of a propulsion engine or a lifting engine, respectively.
Coefficient K' assumes the values 3/4, 5/6 and 7/8, respectively, for airplanes

with 4, 6 or 8 engines. Comparing (7) with (45) and (46) we obtain:
r

1 - |
W= (@@ + o)k | (47)

21
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The diagram can also be used to determine T/W needed to obtain Sdl'

The diagram in Figure 10 can be used to obtain TR/W, needed to determine

the stopﬁing distance Sd3 + Sd4' The diagram was obtained from the expression:

Tr ” TF
"W-=0,9f[ﬂxp W -+

+09 K',-%},- (cos 0 + psini0)] (48)

where n is the thrust inversion efficiency, assumed equal to 0.7 and K" is a
coefficient pertaining to the critical engine failure and the subsequent stop-
ping of the symmetric engine. K" is equal to 1/2, 2/3, and 3/4, respectively,

for airplanes with 4, 6, and 8 engines.
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CL2 and E2 can be determined from the following general expressions

Cry = Cre
T ook L (49)
’ 3 W
and
CL2
E; =
CDz—'(l —1') CTp ] (50)
where:
CLmnx
Cl.a-—————-l_*_dfn [ -
Cr , T
Cor =T Ko (52)
V=ATp/Tp [ (53)

where ATP is the portion of propulsive thrust used for the air jets of the
high-1ift systems. One should note that coefficients CL2 and CD2 appearing
in the expressions above are a function of the angle of the high~lift systems

and of the air jet coefficient Cu, which can be calculated from:

Cu Crp Cur2

Crz2 =V Cre Cr (54)

If this parameter is known, we can determine C (as shown in Figure 11)

L2

and CDZ’ which are needed to determine, through (49) and (50), parameters CL2

and E2. In particular:

— for mechanical high-lift systems and 1lift engines:

23



— for high-1ift systems with internal air jet

T !
w0

— for high-lift systems with external air jet

The reduction coefficients Ks and KP appearing in Expressions (49) and

(52) refer to a possible critical engine failure. They are equal to 1 for all

engines working, and, in case of failure, can be calculated from:

2 ”
K:=1-/—n' -"——Ko (55)
K=1—2t -k, (56)
np
(57)

k=(1+37) (‘;‘f%)

where np and ng are the number of propulsion engines and lift engines,

respectively.

Expression (56) is valid only for mechanical or internal air jet high-lift
systems, because in these cases the maneuverability of the airplane is not
compromised by a critical engine failure. For internal air jet high-1lift

systems, this is due to the interconnections of the air jet pipes;

Equation (57) applies to external air jet high-1ift systems, and was
derived from experimental results. According to these, the airplane can still
be controlled, as long as the ratio between the propulsive thrust acting on
the half wing with engine failure and the propulsive thrust acting on the other
half wing does not fall below 7/10 [5].

24



Ty
el ‘all engines working A-e
+_+_+_ critical engine failure[
' ENNSEannli
[Tl . —
3 - / £ . \\\.,
/// Ui ‘N
] N 4] < AN
= AP NEANEEEEE T
l / \1 ] L N \\
T e " \’SQ-IS'\ \ —0
Fo-t--for o= d--- --‘-L-- ““t"ﬁ‘ﬂ"‘% I : 09 \\\ N \\\\b " l
WAL : !
[SaaR sz i MM ENUNEANN
A Z:’);, // 5 1 N [\‘\\Jl
(N4 | NNURNEN |
s =dBVAtDd ' : ™~ NN
d 7T ENNENCEAS
: y\/-_ U SRS g QU i G Snpmpay RS ey 08 \\\ \\ N
LANNAN | o SNERNAS
REECANENE NN
4 \\\J \\ :
” / e T *is\\‘
07 L '
0 0 w0 . . _2000 3000
.S S Cu X3 Height (m)’

Figure 11. Determination of CL Figure 12. Diagram for the determina-

2 tion of o and r.

Expression (55) applies to lifting engines, and is based on the hypothesis
that with critical engine failure|the symmetrical engine will also have to be

"eut".

The influence of local temperature and pressure conditions on takeoff
and landing characteristies can be determined from the diagram in Figure 12,
where the 0 and T values were plotted as a function of the height above sea

level of the airport under ISA and ISA + 15° conditions.

3. Numerical Example

We want to determine the STOL performance under ISA conditions and at

sea level (0 =1, T = 1) for a commercial airplane equipped with external air
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jet high-lift systems, propelled by four turbofan engines, to which the follow-
ing characteristic ratios would apply: '

74 T,

_— = 35 -2 r =

5 350 kgm 7 0,6

|

The values of the load coefficients C_, and the corresponding values of

L2
E2 as a function of the air jet coefficient Cp for takeoff and landing con-
figurations are known. The values of coefficients CL2’ for (51) and (2), are

determined once the maximum load coefficients for the configuration studied

CL2 _ { CLmaX/1.44 (all engines working)

CLmax/l'33 (critical engine failure)

are known from Figure 11, which pertains to the takeoff configuration of the

airplane studied.

Because v = 1 and TS/W, Expressions (49) and (50) give respectively:

Consequently, since nP = 4 (54), (52), and (57) give:

Cp_ _ CTp _ { 0.9 X 0.6 = 0.54 (all engines working)

CL2 CLZ 0.54 x 0.605 = 0.327 (critical engine failure)

and therefore (Figure 11): |

2.29 (all engines working)

2,04 (critical engine failure)

and correspondingly:

26
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_ - 4.0 (all engines working)
d 2 - 11.5 (critical engine failure)
The diagram in Figure 6 gives, for W/S = 350 kg m—2 and CLd = 2.04, a

value .of 52.4 m/sec for the takeoff speed VD. Furthermore, because:

E, =- 11.5 and V, = 0.93, V

d 1 = 48,7 m/sec

d

we have:

S + S 3 = 360 m

d2 d
On the other hand, the diagram in Figure 10, when TP/W = 0.6, TS/W =0,
T =1, np = 4, gives a value of 0.19 for the parameter TR/W, to which corre-

sponds, for p = 0.3:

=0,

This value entails a stopping distance Sd4 + Sd5 equal to 335 m to
counterbalance the kinetic energy of the airplane at a warm—up speed of 49 m/sec
(Figure 7). Furthermore, the limiting condition of a 0.5 g acceleration re-
quires a stopping distance slightly longer (343 m), but still in the same range

as Sd2 + S This confirms the value of thedecisionhpeed assumed above.

d3’
For TP/W =0.6, t =1, TS/W = 0, and np = 4, Figure 9 gives:

T

—— = 0.54 (Aa)P 1.32

=

Consequently, the diagram in Figure 5 gives:

1 = =
S a1 242 m ASl 26 m

In the case of critical engine failure, the takeoff distance is

therefore equal to:
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Sd = 628 m

For the case of a takeoff with no failure (CL = 2,29 and E, = -4),

d d

Figure 6 gives:

Vy=49.5m sec—lJ

a lower value than obtained above. Assuming V, = 52.5 m sec—l and, therefore,

d

E, = - 4.8, the diagram in Figure 6, for V. = 0.93 Vngives:

d 1

Sd2 + Sd3 = 150 m

Consequently, the distance needed for normal takeoff becomes

Sd =392 m
This latter value, an increase of 157, is lower than the one obtained
_previously in the case of critical engine failure. Therefore, according to
F.A.A. regulations for CTOL airplanes, the takeoff field length is equal to

628 m in this particular case.

Following a procedure similar to the one shown in Figure 11, and for a
landing configuration and critical engine failure (Afn = 0.33), we obtain an

air jet coefficient value (for TP/W = 0.6) of 0.94, so that:

CLa = CL2 = 2.84 Ea = E2 = 12

Using the diagram in Figure 8, we obtain

Tr . !
( ~ ) = 0,164< 0,15,

and, therefore, a/g = 0.5.
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Furthermore:
-1
V = 44.5 m sec
a

and, for H = 35 ft, Vh =4 m sec-l

S =685m
a

This last value corresponds to an efficiency of 11.1,which is lower than
the value for the configuration studied (Ea = 12). Consequently, the flight
distance becomes longer, and the diagram in Figure 8 gives a landing field

length of
S, =700m
a

The corresponding descent speed is V. = 3.7 m sec_l, and the angle of approach

h
is Y, = 4.,75°,
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SYMBOL LIST /125

|

airplane acceleration

resistance coefficient (= D/qS)

total resistance coefficient (propulsion operations
included)

load coefficient (=|L/qS)

total load coefficient (propulsion operations included)
maximum load coefficient

[propulsion thrust coefficient (= 0,97 KT /q8)|

air jet coefficient (= v CTp)

airplane resistance

aerodynamiclefficiency (= CL/CD)

C./C,

acceleration of gravity

maneuvering margin

reduction factor for critical propulsion engine failure
(for V > Vl)

reduction factor for critical propulsion engine failure

(acceleration to V., phase)

reduction factor fir critical propulsion engine failure
(deceleration phase on the ground)

reduction factor for critical lifting engine failure
(for V > Vl)'

reduction factor for critical lifting engine failure
(acceleration to phase Vl)

reduction factor for critical lifting engine failure
(deceleration phase on the ground)

airplane load

number of propulsion engines

number of lifting engines
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AV
Au

dynamic pressure (=<ﬂV2/l6)

wing area '

distance covered by the airplane )

landing distance

speed maneuvering margin (oh landing)

stopping distance

takeoff distance

distance needed to accelerate the airplane to Vl
distance needed to accelerate the airplane from Vllto Vd
speed maneuvering margin (on takeoff)

total stopping distance for takeoff failure
total thrust

total static thrust of propulsion engines

total braking thrust
TR/W + Au

total static thrust of lifting engines

airplane speed

landing speed N

takeoff speed on leaving Ehe ground

descent speed near the ground

stalling speed (with engines working)

warm-up speed

maneuvering speed

airplane weight

angle of approach

decrease in acceleration due to critical engine failure
maneuvering margin

amount of propulsion thrust used for the high-lift systems
air jets

speed margin (é]V2 - VS)

u-0.3
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n — thrust inversion efficiency

® — thrust inclincation from the horizontal of the lifting
engines

y — runway friction coefficient

v — TP/TP

0 — relative density of air

T — ratio between static propulsion thrust on takeoff under

local pressure and temperature conditions and under ISA

conditions at sea level
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